THE glycerides present in the perinephric and external tissue fats of a sheep have been studied by means of the procedure described in detail in the case of an ox depot fat [Hilditch & Paul, 1938], and later applied to the perinephric and outer back fats,from a pig by Hilditch & Pedelty [1940]. For the present purpose the fats chosen for investigation were from the animal (ewe no. 4) referred to in the preceding communication [Hilditch & Pedelty, 1941], since this sheep, which had been reared from 70 to 150 lb. live weight on the 'supermaintenance' ration (cf. p. 932), furnished the comparatively large quantities of fat required for work of this kind.
THE glycerides present in the perinephric and external tissue fats of a sheep have been studied by means of the procedure described in detail in the case of an ox depot fat [Hilditch & Paul, 1938] , and later applied to the perinephric and outer back fats,from a pig by Hilditch & Pedelty [1940] . For the present purpose the fats chosen for investigation were from the animal (ewe no. 4) referred to in the preceding communication [Hilditch & Pedelty, 1941] , since this sheep, which had been reared from 70 to 150 lb. live weight on the 'supermaintenance' ration (cf. p. 932), furnished the comparatively large quantities of fat required for work of this kind.
EXPERIMENTAL
The essential data were obtained by methods which were described in full in connexion with ox depot fat glycerides [Hilditch & Paul, 1938] and also summarized in the subsequent communiication on pig depot fats [Hilditch & Pedelty, 1940] . Description of the procedure may therefore here be confined to a brief recapitulation of the various stages.
(a) The sheep fats (perinephric 750 g., and external tissue fat 580 g.) were each systematically crystallized from acetone (at 00 or room temperature, at various concentrations and for varying periods), with the result that a number of fractions were obtained and ultimately grouped, when sufficiently similar in iodine value, into three main fractions in the case of each fat.
(b) The component acids in each fraction were determined by ester-fractionation.
(c) The amounts of fully saturated glycerides present in the fractions more sparingly soluble in acetone (i.v. below 40) were determined by oxidation of a portion of each fraction with KMnO4 in acetone solution. When sufficient fully saturated glycerides (10 g. or more) were available, their component acids were determined by ester-fractionation; otherwise, the latter were calculated as mixtures of palmitic and stearic acids from the observed equivalent of the fully saturated glycerides.
(d) In the fractions most soluble in acetone (in which any tri-unsaturated glycerides and most of the di-unsaturated glycerides are concentrated), the amount of tri-C18 glycerides was determined, in the form of tristearin, by hydrogenating a portion as completely as possible and separating the hydrogenated product, by crystallization from anhydrous ether, into a series of fractions. The equivalents of the fractions obtained were determined, and the component acids of the least soluble fraction obtained by ester-fractionation and 940 calculated as a mixture of tristearin with palmitodistearin. Small proportions of incompletely hydrogenated material passed with the more soluble fully saturated glycerides into the fractions relatively soluble in ether, and were calculated as oleodistearin from the iodine values of the fractions concerned.
In view of recent findings [Atherton & Hilditch, 1941] that migration of acyl groups between triglyceride molecules occurs slowly, and to a small extent, during hydrogenation at 170-180°, the hydrogenations were conducted as far as possible at 950 by means of Raney nickel catalyst, and completed by a short treatment at 1700 after addition of a small quantity of active nickel on kieselguhr.
The whole of the data obtained as described above permit the component glycerides in each fraction to be grouped, according to the proportions of palmitic, stearic and unsaturated C18 acids present, into (a) dipalmitomono-C18 glycerides, palmitodi-C15 glycerides, and tri-Cigglycerides, and (b) fully saturated, mono-unsaturated-disaturated, di-unsaturated-monosaturated and tri-unsaturated glycerides. From the proportions of these various classes, the individual components in each fraction of the original fat can be deduced within fairly close limits. (The minor component acids, for this purpose, have to be included with appropriate major components: lauric, myristic, tetradecenoic and hexadecenoic acids are included with palmitic, arachidic with stearic, and octadecadienoic and unsaturated C2,-22 acids with oleic acid. The minor component acids of the sheep fats, other than octadecadienoic (2-3 %), together formed 5-6% of the total fatty acids, so that probably about 15% of the glycerides contained one of the minor component acyl groups.)
The component acids of the two fats, determined on the total fatty acids of each fat (preceding paper, p. 933), were found to be as below: The fully saturated glycerides in the less soluble fractions A and B were determined, together with their component acids, with the results given in Table 2 . (As a precaution, the most soluble fraction C was similarly examined; but 50 g. yielded, after two oxidations, only 0 3 g. of neutral material which still possessed i.v. 10-3. Fully saturated glycerides were thus completely absent from fraction C.) In the most soluble, fraction C the tri-C18 glycerides were estimated by the hydrogenation and crystallization procedure described above. The component acids in the least soluble portion were found (by esterfractionation) to be palmitic 22-4, stearic 76-6, and C20-22 1.0 % (mol.), from which it was estimated to contain 32-8 % (mol.) of tri-C.8 glycerides (including the C20-22 group), corresponding to 13-9 % (mol.) of tri-C18 glycerides in fraction C.
The small i.v. of the more soluble fractions, reckoned as oleodistearin, amounted to 2-2 % (mol.) of the fraction C. The total tri-C18 glycerides in fraction C thus amounted to 16-1 % (mol.), corresponding to 6-5% (mol.) in the whole perinephric fat. 9-7-16-3 6-0 31-0-17-9 Nil-6-5
Fully saturated (14-4%): 
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Applying the methods of interpretation described in the earlier communications cited to the foregoing data, we arrive at the ge'neral statement of probable component glycerides in the ewe perinephric fat-given in Table 3 The proportions, characteristics and component posite portions A, B, C, are given in Table 4. acids of the three com- The small quantity of fraction B necessitated the computation of its component glycerides directly from the component acid proportions but, in view of its i.v., it is most unlikely that it contained either fully saturated or tri-unsaturated glycerides.
The fully saturated glycerides (and their component acids) were determined in the &se of fraction A with the results shown in Table 5 , the crude product being separated into two portions by crystallization from ether.
The terms 'oleo'-, 'oleic', 'olein', denote the inclusion of octadecadieuoic with oleic compounds. sponding with an estimated proportion of 24 8 % (mol.) of tri-C15 glycerides (including the C20-22 group), or 6-9 % (mol.) in the whole of fraction C. The slight unsaturation in the more soluble fractions, in terms of oleodistearin, corresponded to 3-9 % (mol.) of fraction C. The total tri-Cl glycerides in fraction C were thus estimated to form 10-8 % (mol.) of this fraction, or 6-9 % (mol.) of the total external tissue fat.
Consideration of the above data-led to a final estimate of the glycerides probably present in each fraction A, B and C, including limiting values in certain cases (Table 6) . DIscussIoN If the molar percentage proportions of the component acids in the whole fats, determined by summation of the data from the three fractions into which the fats were separated by crystallization from acetone (Tables 3 and 6) , are compared with those obtained from the ester-fractionation analyses of the total fatty acids from each fat (p. 941), it will be seen that very close accordance is shown by the figures for the perinephric fat, and somewhat less close, but on the whole satisfactory, agreement in the case of the external tissue fat. In both fats, however, resolution into several fractions has, as frequently happens, led to the appearande of minor component acids (lauric, arachidic), which were not detected in the analyses of the total fatty acids, and to apparent increases in the proportions of other minor component acids (hc2xadecenoic, octadecadienoic). Inspection of Tables 1 and 4 shows, moreover, that the minor component octadecadienoic acid is concentrated in the most soluble (mainly diunsaturated) glyceride fractions, whilst arachidic acid is mainly found in the least soluble (largely disaturated) fractions. This is merely a consequence of the circ'umstance '-disaturated (41-9-48-9 0/,cf):
Tri-'olein' (Nil-6-9%) 12-4 7-7-14-6 6-2 2-5 37-0-30-1 -6-9-Nil Nil-6-9
that, whilst nearly all the triglyceride molecules contain at least one radical of the most abundant acids oleic and palmitic, the minor component acids will only contribute one acyl group to any triglyceride molecule in which they are present. Thus the most likely combinations of the respective acids would be octadecadienooleo-saturated or arachido-palmito-unsaturated glycerides, of respectively large' and small relative solubility in acetone.
The general glyceride structure of the two ewe fats conforms with that of other animal depot fats rich in stearic acid. This is indicated in the first place by the proportions of fully saturated glycerides which, when plotted against the respective proportions of saturated acids in the total fatty acids, fall on the (Table 7) . If, after allowing for the composition of fully saturated glycerides present in the fats, the 'oleic' acid present is divided in proportion to the palmitic and stearic acids present in the remaining mixed ('oleo'-saturated) glycerides, and combined arithmetically with these two acids, a 'calculated' composition for the four mixed glycerides 'oleo'-dipalmitin, 'oleo'-palmitostearin, palmitodi-'olein' and stearodi-'olein' is derived which represents the maximum "even distribution' of these acids in the form of mixed glycerides. The accordance between these-'calculated' figures and the proportions actually observed was remarkable in the cases of ox depot fats, English [Hilditch & Paul, 1938] and Indian [Hilditch & Murti, 1940] , but in two pig depot fats [Hilditch & Pedelty, 1940] The implication of the frequent resemblance between the observed and 'calculated' proportions of the four minor classes of animal depot fat glycerides is somewhat uncertain, but there now seems little doubt.that the accordances hold fairly closely in the more saturated fats of the group (i.e. those in which the saturated acids form about 50 % or more of the total acids, and in which the stearic acid content approaches or exceeds about 20%). Of the three ox, two sheep, and two pig fats which have now been examined, these coincidences occur in all but the pig fats (the least saturated of the series). The following explanation of these observations may, however, be put forward. It has been shown that the proportions of these four groups of glycerides can be simil-arly calculated from the-proportions of palmitic, stearic and oleic acids in certain vegetable seed fats, in which these acids are all major components, and which follow the 'rule of even distribution' very closely [Hilditch & Stainsby, 1936; Hilditch & Ichaporia, 1938] ; these fats, however, contain only minor quantities of fully saturated glycerides. If a similar 'evenly distributed' mixture of palmito-oleo glycerides and triolein (such as is believed to be the precursor of the stearic-rich animal depot fats) undergoes partial hydrogenation before deposition as reserve fat, the conversion of oleic acid into stearic groups may well follow a similar random course, with the result that, when a sufficient proportion of oleo-glycerides have been thus transformed, the composition of the mixture can be approximately simulated by an arithmetical calculation based on division of the oleic acid still present in proportion to the palmitic and stearic acid contents of the animal depot fats.
Comparison of the chief component glycerides of pig, sheep and ox depot fats The present work has completed a series of studies in which seven fats from the three species mentioned have been investigated by the acetone-crystallization procedure, leading to more detailed knowledge of the proportions of their various component glycerides than was hitherto available. It is therefore possible to review the series as a whole, with special reference to the manner in which the proportions of the minor groups of mixed glycerides are influenced by the proportions of oleic, stearic and palmitic acids present in the whole fats. For this purpose the data may be arranged in the form shown in Table 8 .
In Table 8 The progressive change in the relative proportions of the three types of palmitodi-C15 glycerides, shown at the base of Table 9 , is an extremely strong argument in favour of the hydrogenation hypothesis originally put forward by Banks & Hilditch [1931; 1932] to account for the varying proportions of fully saturated glycerides in these animal depot fats.
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A somewhat similar comparison may be made in regard to the relative proportions of 'oleo'-dipalmitin and dipalmitostearin in the dipalmitomono-C18 group of glycerides. Here, however, the total proportion of the dipalmitoglycerides is partly dependent upon the palmitic acid content in the whole fats; the latter rises considerably above the average in the Indian cow depot fats with consequent increase in the amount of dipalmito-glycerides at the expense of the monopalmitodi-C18 group. Apart from increased proportions of dipalmitoglycerides from this cause, however, a tendency has previously been observed [Hilditch & Pedelty, 1940] for this group to increase in amount with increasing general saturation in the fats as a whole. The relevant data on this aspect for the seven fats for which information is now available are summarized in Table 10 ; in this case, since the minor quantities of lower saturated acids present are perforce included with palmitic acid in the evaluation of the main component glycerides, comparison is made with the combined amount of palmitic, myristic and lauric acids in the total acids of the fats. The total amount of dipalmito-glycerides in the depot fats bears a general, though somewhat irregular, relationship to the proportion of palmitic acid present in the whole fat; but the relative proportions of 'oleo'-and stearodipalmitins are, as in the monopalmito-di-C18-glycerides, governed entirely by the proportion of stearic and unsaturated acids present and thus again support the view that production of the more saturated component glycerides involves hydrogenation of preformed 'oleo '-glycerides-in this case 'oleo '-dipalmitins.
SUMMARY
Specimens of perinephric and external tissue fats from the same ewe have been studied after resolution into fractions of varying degrees of solubility in acetone, and the approximate proportions of each of the major component mixed glycerides have been deduced from the resulting analyses (cf. Table 7) . Sheep depot fats resemble ox and pig depot fats in that they are mainly composed of palmitodi-.'oleins' and 'oleo'-palmitostearins, together with 'oleo'-dipalmitins, stearodi-'oleins' and minor amounts of other mixed glycerides. Triolein is either absent, or present iin very small proportions.
The detailed data now available for the component glycerides of three ox, two pig and two sheep depot fats (the pig and sheep fats comprising perinephric and external tissue fats from the same animal) have been reviewed, with special reference to the respective proportions of palmitodi-'oleins', 'oleo'-palmitostearins and palmito-distearins, and of 'oleo'-dipalmitins and dipalmito-stearins, in relation to (a) the general unsaturation and (b) the palmitic acid contents of each fat as a whole.
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